Strategies and challenges of antimicrobial stewardship in long-term care facilities  by Dyar, O.J. et al.
REVIEWStrategies and challenges of antimicrobial stewardship in long-term care
facilitiesO. J. Dyar1, L. Pagani2 and C. Pulcini3,4
1) North Devon District Hospital, Barnstaple, UK, 2) Bolzano Central Hospital, Infectious Diseases Unit, Bolzano, Italy, 3) CHU de Nancy, Service de Maladies
Infectieuses, and 4) Université de Lorraine, Université Paris Descartes, EA 4360 Apemac, Nancy, FranceAbstractAs people are living longer the demand for long-term care facilities (LTCFs) continues to rise. For many reasons, antimicrobials are used
intensively in LTCFs, with up to a half of this use considered inappropriate or unnecessary. Over-use of antimicrobials can have direct
adverse consequences for LTCF residents and promotes the development and spread of resistant bacteria. It is therefore critical that
LTCFs are able to engage in antimicrobial stewardship programmes, which have the potential to minimize the antibiotic selective
pressure, while improving the quality of care received by LTCF residents. To date, no antimicrobial stewardship guidelines speciﬁc to
LTCF settings have been published. Here we outline the scale of antimicrobial use in LTCFs and the underlying drivers for antibiotic
over-use. We further describe the particular challenges of antimicrobial stewardship in LTCFs, and review the interventional studies that
have aimed to improve antibiotic use in these settings. Practical recommendations are then drawn from this research to help guide the
development and implementation of antimicrobial stewardship programmes.
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E-mail: celine.pulcini@univ-lorraine.frIntroductionThere were 3.7 million residents of long-term care facilities
(LTCFs) in the European Union (EU) in 2010, according to the
European Centre for Disease Prevention and Control (ECDC),
and this number will certainly increase in the coming decades
[1]. The same is true beyond Europe: by 2030, 70 million
people in the USA will be aged 65 years or more; given that
nearly 4% of people aged 65 or older are nursing home resi-
dents, the need for LTCFs will increase [2].
Residents of LTCFs are at particular risk for healthcare-
associated infections [3]. Antibiotics are among the mostMicrobiol Infect 2015; 21: 10–19
nical Microbiology and Infection © 2014 European Society of Clinical Microbiology and Infect
p://dx.doi.org/10.1016/j.cmi.2014.09.005commonly prescribed classes of medications for LTCF resi-
dents [4]. Between 3% and 15% of LTCF residents are given
antibiotics at any time according to point prevalence studies in
Europe, USA and Australia [5–7]. The incidence of antibiotic
use varies considerably, with 50–80% of residents receiving at
least an antibiotic course per year [4,7,8]. There is substantial
facility-level variation in antibiotic-prescribing incidence (at least
ﬁve- to ten-fold) [7,9,10], which may partly explain the differ-
ences seen in the European-wide study of nursing homes—
between six deﬁned daily doses per 1000 residents per day in
Germany to 136 deﬁned daily doses per 1000 residents per day
in Northern Ireland [11]. A recent systematic review showed
that antibiotics are most frequently prescribed for urinary tract
infections (32–66%), respiratory tract infections (15–36%) and
skin and soft tissue infections (13–18%) [7].
In elderly persons, diagnosis of infection is often difﬁcult,
which may easily lead to the inappropriate prescription and
increased use of antimicrobials, with the potential for the
development of multi-resistant bacteria [3,4]. Estimates suggestious Diseases. Published by Elsevier Ltd. All rights reserved
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inappropriate in LTCFs [4,7,9,12–14]. As a consequence,
prevalence of resistant bacteria is higher in LTCFs than in the
community [15,16].
Antimicrobial stewardship is therefore a pressing need in
LTCFs and this has recently become a ‘hot topic’ [16–19].
Compared with the acute-care setting, antimicrobial steward-
ship programmes (ASPs) in LTCFs have tended to be less well-
organized and less resourced [20–24]. Speciﬁc evidence-based
guidelines regarding prudent antibiotic use in LTCFs are also
lacking.
We will review here the speciﬁc challenges faced by ASPs in
LTCFs, and will suggest strategies to improve antimicrobial use
in this setting.Speciﬁc challenges in optimizing use of
antimicrobials in LTCFsDiagnosis
Diagnosing and treating infections in LTCF residents challenge
even experienced practitioners [4]. Diagnosis of infections in
LTCFs can be further confounded by a lack of on-site diagnostic
testing equipment [4,25]. Loeb et al. noted a high frequency
(90%) of inappropriate diagnostic work-up in LTCFs [13].
Older residents may have obscuring co-morbidities, blunted
febrile responses, and predominance of vague systemic symp-
toms (such as delirium or falls) over localizing symptoms
[3,4,7]. Moreover, a clinical history is often difﬁcult to obtain, as
many residents are cognitively impaired and may also have
hearing or speech difﬁculties [7,13,26].
D’Agata et al. illustrated the difﬁculties associated with
diagnosing urinary tract infections (UTIs) in LTCF residents
with advanced dementia. Despite 84% of suspected UTIs not
fulﬁlling the minimum clinical criteria to support antimicrobial
initiation, 75% of these episodes were treated with antibiotics
[26,27]. The usefulness of urinary specimens in diagnosing UTIs
in these residents was also questionable, because urinalyses and
urine cultures were positive in the vast majority of episodes
regardless of whether minimum signs or symptoms were pre-
sent. Because dysuria and adjunctive symptoms and signs are
hard to discern, the authors suggested that fever alone may be
adequate evidence to justify antimicrobial initiation for a sus-
pected UTI, so long as there are no additional symptoms (e.g.
new cough) to suggest an alternative source of infection. Such
an approach also requires reassessment of antibiotic therapy,
with its discontinuation if the urine culture is negative. If the
test results are positive, the physician must still apply clinical
judgement to assess whether the combination of signs orClinical Microbiology and Infection © 2014 European Society of Clinical Microbiolosymptoms and positive urine tests reﬂect a true UTI rather than
another aetiology for the fever in the presence of asymptomatic
bacteriuria [26].
Medical and nursing staff
The European Surveillance of Antimicrobial Consumption
(ESAC) 2008 survey in 21 European countries highlighted that
there can be many different types of care providers active in
delivering medical care in LTCFs [22]. Care to residents can be
delivered by the resident’s personal general practitioner (GP)
or a physician from the same medical group practice, or by
medical doctors directly employed by the LTCF [22]. In the
2009 ESAC point-prevalence survey, GPs prescribed about
three-quarters of all antimicrobials in LTCFs, with wide varia-
tions between countries [21]. The existence of more than one
type of prescriber in LTCFs, as is seen in many countries, can
raise questions about the harmonization of antimicrobial pre-
scriptions between prescribers, and may complicate overall
responsibility for antimicrobial stewardship [22].
Previous research has shown that in the long-term care
environment, nursing staff can be the driving force behind
antibiotic prescribing [6,7,10,25,28,29]. Physicians often rely on
the nursing staff’s assessment of the resident and may not visit a
patient in an LTCF to conﬁrm diagnosis. Indeed, many pre-
scriptions may be called by telephone order, often by on-call
physicians, without a preceding physical examination [6,25].
McClean et al. reported the results of two point-prevalence
surveys conducted in residential homes in Northern Ireland,
where only 58–70% and 40–44% of systemic and topical an-
timicrobials respectively were initiated following GP visits [6].
In an American study, physicians reported that they often
prescribed treatment for UTIs without seeing the patients and
depended on the nursing staff to provide information regarding
symptoms and signs of a UTI [29]. A Canadian study also
showed that only 44% of the antibiotic recipients had an
associated claim for a physician bedside visit within 1 day of
their index prescription [10].
Despite this reliance on nursing staff, nurses are frequently
not trained to evaluate residents with a possible infection, and
educational efforts are hampered by high employee turnover
and sometimes lack of resources/stafﬁng [25,30].
High prevalence of resistant bacteria with lack of local
resistance data
Most antibiotics are prescribed empirically in LTCFs [7,21].
Given the high prevalence of multi-resistant bacteria in these
settings [7], local resistance data are necessary to choose the
appropriate antibiotic treatment. Such data about local antimi-
crobial resistance proﬁles are, however, rarely available (<20%
of the cases in Europe, Table 1).gy and Infectious Diseases. Published by Elsevier Ltd. All rights reserved, CMI, 21, 10–19
TABLE 1. Cross-sectional surveys of antimicrobial stewardship programmes in long-term care facilities
ESAC [21]
Europe
n [ 260
HALT [24]
Europe
n [ 117
Donlon et al. [20]
Ireland
n [ 69
Van Schooneveld et al. [23]
Nebraska (USA)
n [ 37
Antimicrobial stewardship committee 8% 16% 16% 36%
Therapeutic formulary 16% 57% 23% 19%
Antimicrobial guidelines 50% 45% 28% 27%
Data about antibiotic consumption — 33% 16% 81%
Data about local antimicrobial resistance proﬁles 9% 17% 12% 76%
Regular training of prescribers on antibiotic use 16% 22% 7% 8%
Individual antimicrobial prescribing proﬁles — 27% 10% 11%
Pharmacist advice on antibiotic use — 19% 36% —
Regular audits assessing antibiotic use — — — 81%
— , not available.
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LTCF residents are frequently colonized by bacteria, for
instance nearly all individuals with chronic indwelling urethral
catheters have bacteriuria, and the prevalence of bacteriuria
among residents without catheters ranges from 25% to 50% for
women and 15% to 40% for men [4,31]. Wounds are also
rapidly colonized by bacteria [4].
Samples are sometimes sent to the microbiology laboratory
systematically by nurses [29,32], and positive samples repre-
senting only colonization might be mistaken for infections, and
lead to unnecessary antibiotic prescriptions [2,7,14,29,32].
Comfort care
There is an on-going debate about the appropriateness of
antibiotic prescribing in patients at the end of life who develop
infections (mostly pneumonia), as the effects on life prolonga-
tion and discomfort relief is unclear [3,7,33]. The use of anti-
biotics in residents near the end of life is frequent; D’Agata et al.
showed that 42% of LTCF residents with advanced dementia
received antimicrobials during the 2 weeks before death, mostly
for respiratory tract infections [34]. Another study showed that
in residents with advanced dementia and lower respiratory
infection, antibiotics probably did prolong life but in many cases
only for a few days; overall, antibiotics were not associated with
a reduced mortality rate [33].
For the majority of LTCF residents with advanced dementia
for whom the goal of care is comfort, the potential disadvan-
tages of the examination and treatment of suspected infection
may outweigh the advantages, particularly when the likelihood
of a true bacterial infection is low [26]. For further information
on this topic, see ref. [35].
Patients and family expectations
The perceived expectations of the patient and the family of the
patient with regard to antibiotic treatment are key factors that
need to be addressed in the successful implementation of ASPs
[7,25]. Patient/family expectations were cited in 15% of theClinical Microbiology and Infection © 2014 European Society of Clinical Microbiology and Infectcases as a potential barrier to ASPs in US LTCFs [23]. ASPs
must therefore include information campaigns targeting the
residents and their families, and ensure that physicians are able
to communicate effectively with patients and their families on
this topic.
Interventional studies aiming at improving
antibiotic use in LTCFsTwo Cochrane reviews were published, in 2005 and 2013,
describing interventions to improve antibiotic prescribing
practices in the outpatient and the hospital settings, respectively
[36,37]. LTCFs were excluded from these reviews.
One systematic review focused on interventions to reduce
potentially inappropriate antibiotic prescribing in LTCFs [38].
Three studies targeted educational sessions and material at
physicians and nurses [39–41], with one study also incorpo-
rating prescribing feedback [41]. The fourth study provided
educational material and prescribing feedback for physicians
only [42]. The quality of the evidence reviewed was low
because of the risks of bias associated with the study designs.
Overall, it seemed that a multifaceted intervention involving
small-group educational sessions and the provision of educa-
tional materials was generally acceptable to nurses and physi-
cians in LTCFs.
One recent narrative review focused on publications
describing implementation and evaluation of ASPs in LTCFs and
included nine studies [18].
Table 2 summarizes all 12 published interventional studies
that aimed to improve antibiotic use in LTCFs, of which all but
one [43] had an educational component [29,32,39–42,44–48].
Only two studies, focusing on pneumonia, did not bring about
an improvement in antibiotic prescribing [45,47], one possibly
due to lack of power [47], and the other potentially because the
academic detailing was performed by pharmacists [45]. Four
out of 12 studies targeted only physicians [42,44,46] or nursesious Diseases. Published by Elsevier Ltd. All rights reserved, CMI, 21, 10–19
TABLE 2. Interventional studies which aimed at improving antibiotic prescribing in long-term care facilities
Study
Setting
Type of infection Design Intervention Main outcomes
Impact of the
intervention
Naughton
et al. [40] 2001
10 community-based
LTCFs
USA
Pneumonia
Randomized
controlled trial
Multifaceted educational intervention:
small-group consensus process limited
to physicians and a similar intervention
that included physicians and nurses
Antibiotic use at diagnosis
compared with the guidelines
Increase in appropriate use
of parenteral antibiotic
therapy in the
multidisciplinary group
only
No impact on oral
antibiotic use
Loeb et al. [39]
2005
24 community-based
LTCFs
Canada and USA
UTIs
Cluster randomized
controlled trial
Multifaceted educational intervention:
small group interactive sessions for
nurses, videotapes, written material,
outreach visits, and one-on-one
interviews with physicians
Number of antimicrobials
prescribed for suspected
UTIs
Fewer courses of
antimicrobials for
suspected UTIs were
prescribed in the
intervention group, but
not sustained over the
12 months post
intervention
Hutt et al. [47]
2006
2 LTCFs (one hospital-
based, one
community-based)
USA
Pneumonia
Before/after
controlled
Multifaceted educational intervention:
interactive educational sessions for
nurses and academic detailing for
physicians
Use of appropriate antibiotics
Timely antibiotic initiation for
unstable patients
No statistically signiﬁcant
impact on both
outcomes
Monette et al.
[42] 2007
8 community-based
LTCFs
Canada
UTIs, lower RTIs,
SSTIs, and
bacteraemia of
unknown origin
Cluster randomized
controlled trial
Multifaceted educational intervention:
antibiotic guide sent to physicians
along with their antibiotic
prescribing proﬁle (intervention
performed twice)
In-house pharmacists in all facilities
Antibiotic prescriptions
compliant with the guidelines
Decrease of non-compliant
antibiotic prescriptions
in the intervention
group, but not sustained
up to 6 months after the
second intervention
Schwartz et al.
[46] 2007
One hospital-based
LTCF
USA
All infections
Before/after
uncontrolled,
with ITS analysis
Educational intervention targeted at 20
salaried internists who provided most
of the medical care. On-site laboratory
and radiographic services.
Multifaceted: national guidelines,
hospital resistance data, and physician
feedback (series of four teaching
sessions given by ID specialists over 18
months plus booklets)
Antibiotic prescriptions
compliant with guidelines
Total antibiotic use
Increase in compliant
antibiotic prescriptions
Decreased antibiotic use
Zabarsky et al.
[29] 2008
One hospital-based
LTCF
USA
UTIs (focus on
asymptomatic
bacteriuria)
Before/after
uncontrolled
Educational intervention: nurses
(discourage the collection of urine
cultures in the absence of symptoms)
and physicians (no antibiotics for
asymptomatic bacteriuria)
Repeated sessions, with individual
feedback
Appropriateness of urine
culture collection and
antibiotic treatment based on
guidelines
Total antibiotic use
Decrease in inappropriate
submission of urine
cultures, overall rate of
treatment of
asymptomatic bacteriuria
and total antibiotic use
Pettersson et al.
[41] 2011
58 community-based
LTCFs
Sweden
All infections
Cluster randomized
controlled trial
Multifaceted educational intervention:
small educational group sessions with
nurses and physicians, feedback on
prescribing, presentation of guidelines
and written materials
Proportion of quinolones
prescribed for lower UTIs in
women
Proportion of recorded
infections treated with an
antibiotic
Proportion of infections
handled by physicians as ‘wait
and see’
No signiﬁcant decrease in
the use of quinolones for
UTIs
Decrease in the overall
prescribing of antibiotics
Increased proportion of
infections handled by
physicians as ‘wait and
see’
Linnebur et al.
[45] 2011
16 community-based
LTCFs
USA
Pneumonia
Before/after
controlled
Multifaceted educational intervention:
educational sessions for nurses and
academic detailing to physicians by
pharmacists
Antibiotic prescriptions
compliant with guidelines
(timely administration, choice
of antibiotic and duration)
No impact on choice of
antibiotic and duration
Increase in timely
administration of
antibiotics
Jump et al. [44]
2012
One hospital-based
LTCF
USA
All infections
Before/after
uncontrolled,
with ITS analysis
ID on-site consultation service (weekly
round + available on the phone)
All of the LTCF prescribers were full-
time staff
Total systemic antimicrobial use
Positive Clostridium difﬁcile
tests
Decrease in total
antimicrobial use and in
C. difﬁcile positive tests
Rummukainen
et al. [32] 2012
64 hospital-based and
community-based
LTCFs
Finland
UTIs
Before/after
uncontrolled
Multifaceted educational intervention:
academic detailing for physicians and
head nurses (by a team with an ID
specialist, an infection control nurse
and a geriatrician), regional guidelines
Antibiotics prescribed to treat
UTIs
Antibiotics prescribed for
UTI prophylaxis
No impact on curative
antibiotic treatments, but
decrease in UTI
prophylaxis
Zimmerman et al.
[48] 2014
12 LTCFs
USA
UTIs, SSTIs and RTIs
Before/after
controlled
Multifaceted educational intervention:
quality improvement programme that
involved training of physicians and
nurses, information of residents and
families, regular feedback on
prescribing
Rates of antibiotic prescribing
for presumed UTIs, SSTIs and
RTIs
Reduction in antibiotic
prescribing rates
Fleet et al. [43]
2014
30 LTCFs
UK
All infections
Cluster randomized
controlled trial
Structural intervention: introduction of
the ‘Resident Antimicrobial
Management Plan’ tool, a form to be to
be completed by nursing staff for all
new antibiotic prescriptions (at the
initiation and at around day 3)
Total antibiotic use (deﬁned
daily doses/1000 residents/
day)
Decrease in total antibiotic
use (only for treatment
of infection, not for
prophylaxis)
Abbreviations: ID, infectious diseases; ITS, interrupted time series; LTCF, long-term care factility; RTI, respiratory tract infection; SSTI, skin and soft tissues infection; UTI, urinary
tract infection.
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TABLE 3. Main recommended antimicrobial stewardship
strategies in long-term care facilities
 Discourage antibiotic prescribing without clinical
examination
 Education (medical and nursing staff, patients and their
families)
 Target areas where antibiotic misuse is common:
antibiotic prophylaxis, bacterial colonization, topical
antibiotics, durations of treatment (see Table 4)
 Use locally adapted diagnostic and therapeutic guidelines
for the most common infections
 Reassess antibiotic treatments at around day 3
 Limit unnecessary microbiological investigations
 Improve the reporting from the microbiology laboratory
 Use point-of-care diagnostic tests
 Test innovative strategies and integrate antimicrobial
14 Clinical Microbiology and Infection, Volume 21 Number 1, January 2015 CMI[43]. Six studies involved some feedback to physicians and/or
nurses [29,41,42,44,46,48], and ﬁve studies performed
repeated interactions with physicians and/or nurses
[29,42,44,46,48].
Jump et al. described the positive impact of an Infectious
Diseases (ID) on-site consultation service in a hospital-based
American LTCF [2,44], in line with several studies demon-
strating the value of ID specialists in acute-care hospitals [49].
This service met a previously unidentiﬁed need, providing
resident-centred care through once-weekly rounds and as-
needed communication through the electronic medical record
and telephone consultations. The most common reasons for
the LTCF staff to consult the ID service were Clostridium difﬁcile
infection, and conditions that were ultimately deemed non-
infectious, including asymptomatic bacteriuria, colonized
wounds and heart failure exacerbations [2].stewardship programmes in existing quality/safety/
infection prevention and control programmesSurveys of ASPs in LTCFsDonlon et al. surveyed 69 Irish LTCFs in 2010 and identiﬁed
signiﬁcant gaps in ASPs [20]. Similar gaps were observed by Van
Schooneveld et al. in Nebraska (USA) [23]. The perceived
barriers to ASPs in this study were: physician practice/compli-
ance (69%), patient/family expectations (15%), system (8%) and
communication issues (8%) [23].
In 2008 the ECDC funded the Healthcare Associated in-
fections in Long Term care facilities (HALT) project. A pre-test
point-prevalence survey took place in 13 countries in 2009. The
availability of ASP resources was investigated by the ESAC
project group. Data were obtained in 2009 from 260 LTCFs in
17 European countries [21]. In this study sample the regular
training (at least yearly) of antibiotic prescribers and the avail-
ability of an LTCF therapeutic formulary, and of written guide-
lines for appropriate antibiotic use, were signiﬁcantly associated
with lower antibiotic use compared with settings without these
tools [21]. However, LTCFs using microbiological samples to
select the best antibiotic therapy were found to prescribe more
antimicrobials than facilities not performing sampling [21].
Table 1 summarizes the key ﬁndings of these surveys.Some practical recommendations (Table 3)Discourage antibiotic prescribing without clinical
examination
Up to half of all antibiotics are prescribed without a proper
clinical examination in LTCFs [6,10,29,43]. This practice should
be discouraged, as establishing a correct diagnosis is aClinical Microbiology and Infection © 2014 European Society of Clinical Microbiology and Infectprerequisite for appropriate antibiotic prescriptions. A study
conducted in LTCFs in the USA found that the rate of inap-
propriately prescribed medication was associated with the
absence of regular physician visits [50]. Moreover, a lack of GPs
visiting and examining patients before prescribing antimicrobials
was associated with increased systemic antibiotic use in
Northern Irish residential homes [6]. Minimum information,
such as dose, duration and indication of antibiotic therapy
should be documented in the medical record, partly to help
guide other physicians caring for the patient to change or stop
therapy when appropriate.
Education
Continuing education regarding prudent antibiotic use should
be regularly performed in LTCFs, targeting both the medical
and nursing staff, as well as the patients and their families. Such
educational material has, for example, been developed by the
French Ministry of Health (http://www.infectiologie.com/site/
ehpad.php), with posters, leaﬂets, slides and videotapes avail-
able for LTCFs.
Educate the medical staff. Educational principles in antimicrobial
stewardship have been described elsewhere [51,52].
Continuing Medical Education for physicians working in LTCFs
should target the most common causes of antibiotic misuse
(Table 4) and be regularly repeated. Since educational measures
are more efﬁcient when associated with other interventionsious Diseases. Published by Elsevier Ltd. All rights reserved, CMI, 21, 10–19
TABLE 4. Common causes of antibiotic misuse in long-term
care facilities
 Unnecessary antibiotic treatments for colonization
(e.g. asymptomatic bacteriuria)
 Unnecessary antibiotic treatments for urinary tract
infection prophylaxis
 Unnecessary antibiotic treatments for viral infections
(e.g. inﬂuenza)
 Unnecessary use of topical antibiotics
 Absence of reassessment of antibiotic therapies at
around day 3
 Longer-than-necessary durations
CMI Dyar et al. Antimicrobial stewardship in nursing homes 15[53], audit and feedback assessing antibiotic prescribing could
be a useful complement. Regular feedback of antibiotic pre-
scribing proﬁles, both at the facility and individual physician
levels, might also be a powerful tool (Table 2) [54,55].
Educate the nursing staff. Nurses should receive regular training,
especially regarding the clinical signs suggesting bacterial in-
fections, the situations in which antibiotics are not needed, and
the appropriate indications for microbiological investigations.
Again, this may be an issue in most cases because of the high
staff turn-over, mandating repeated educational efforts and
consequent resources.
Educate the patients and their families. Patients and their families
should be aware of the risks of bacterial resistance and must be
educated regarding situations in which antibiotic treatment is
not needed (e.g. inﬂuenza, asymptomatic bacteriuria).
Target areas where antibiotic misuse is common
It is advised to start with areas where antibiotic misuse is
common, and where changing practice is easiest; these are ‘the
low-hanging fruits’. A progressive stepwise approach is rec-
ommended. Table 4 presents the most common causes of
antibiotic misuse in LTCFs.
Limit antibiotic prophylaxis. Antibiotic prophylaxis represents
around 30% of all systemic antibiotic prescriptions in LTCFs
[1,10,21,56], with the vast majority (89%) prescribed for UTIs
[21]. Long-term prophylaxis for UTIs or respiratory tract in-
fections lacks evidence and should be discouraged [57].
No antibiotic for colonization (e.g. asymptomatic bacteriuria). Cur-
rent guidelines do not recommend screening for or treatment
of asymptomatic bacteriuria in residents of LTCFs [58].Clinical Microbiology and Infection © 2014 European Society of Clinical MicrobioloAntibiotics prescribed for asymptomatic bacteriuria are none-
theless one of the leading cause of unnecessary antibiotic pre-
scriptions [2,7,14,59]. Colonized wounds should also not be
treated with antibiotics, unless clinical signs of infections are
present [4].
Standardize antibiotic treatments for frequently encountered in-
fections. These protocols (e.g. pneumonia, UTIs, skin and soft
tissues infections) should be based on national or international
guidelines, and adapted to local resistance data [4]. The use of
third-generation cephalosporins and ﬂuoroquinolones should
be avoided whenever possible, as they present a high risk of
promoting emergence of bacterial resistance (methicillin-resis-
tant Staphylococcus aureus, ﬂuoroquinolone-resistant Enter-
obacteriaceae, extended-spectrum β-lactamase-producing
Enterobacteriaceae) and of C. difﬁcile infections [4,60,61].
Limit the use of topical antibiotics. Topical antibiotics are not
indicated for wounds, and should be prescribed in speciﬁc
clinical situations (e.g. thrush) for the shortest possible
duration.
Use the shortest possible duration of treatment. Longer-than-
needed durations are one of the most frequent causes of un-
necessary antibiotic prescriptions [14]. Several authors have
shown that around half of systemic antibiotic courses in LTCFs
are longer than 7 days [8,10,30], and this appeared to be
inﬂuenced by prescriber preference more than patient char-
acteristics, even though 7 days of therapy is sufﬁcient for the
most common bacterial infections encountered in LTCF resi-
dents [62–64].
Limit unnecessary microbiological investigations
Positive cultures (e.g. urine, skin) often serve as a trigger for
unnecessary prescribing of antimicrobials [59,65].
In an American study, many of the nurses reported that
urine specimens were routinely sent for culture for a variety of
reasons in the absence of signs or symptoms of infection. Such
reasons included foul-smelling or cloudy urine; after urethral
catheter changes; upon admission to the ward; after treatment
of UTI to document cure; and for non-speciﬁc symptoms un-
related to the urinary tract (e.g. lethargy, poor appetite and
falls) [29]. More than half of the facilities in a Finnish study of
LTCFs used urine odour as a symptom for UTI and a reason for
taking a urine specimen [32]. Such practices should be
discouraged, and no systematic urine/skin/respiratory sample
should be sent without clinical signs of infection. Systematic
urine dipsticks should also be discouraged, as positive results
often trigger unnecessary urine cultures. Ideally, all microbio-
logical investigations should be ordered by the physician only
after performing clinical examination.gy and Infectious Diseases. Published by Elsevier Ltd. All rights reserved, CMI, 21, 10–19
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In the LTCF setting, most antibiotics are prescribed empirically
[7,21]. It is critical to reassess the need for empirical antibiotic
therapy 48–72 h after starting therapy, particularly for severe
infections (e.g. pyelonephritis, prostatitis, pneumonia), when
the initial diagnosis was uncertain, or when there is a need to
modify the treatment according to microbiological in-
vestigations. Such a reassessment was performed in only 47% of
the cases in LTCFs of a French region [66]. A ‘day 3 bundle’ or
similar tools could be useful for this purpose [43,67].
Input from the microbiology laboratory
Around a quarter of all antibiotics prescribed in European
LTCFs were based on microbiology results [21]. Microbiolog-
ical reports have an important inﬂuence on antibiotic pre-
scribing [68]. Educational messages might be useful (e.g. for a
positive urine culture: ‘A positive result could reﬂect either
colonization or infection, depending on the clinical signs’). Se-
lective reporting of antibiotic susceptibility data could also help
physicians choose the appropriate antibiotic treatment, as
shown in the literature [68]. Avoiding reporting of susceptibility
data in wounds or urine samples may also discourage pre-
scribing unnecessary antibiotics [69].
Point-of-care diagnostic tests
Most LTCFs lack on-site diagnostic testing equipment. Point-of-
care diagnostic tests (also known as near-patient testing) could
help physicians in their diagnostic work-up. This approach has
not been widely studied in the literature in LTCFs and deserves
further investigation [70].
Negative results in dipstick urine analysis for both nitrite and
leucocyte esterase reliably rules out UTI among elderly resi-
dents [71]. A normal C-reactive protein concentration allows
exclusion of a severe bacterial infection with a high probability
(negative predictive value: 94%) [3,72]. Procalcitonin, however,
is a marker of severity of infection rather than a marker of
infection in an elderly population [72]. Rapid diagnostic tests for
inﬂuenza are also promising in LTCFs; a Canadian study showed
that such tests were associated with a shorter duration of the
outbreak and lower overall use of resources [70].
Test innovative strategies
Based on the available literature and guidelines, interventions to
improve antibiotic use should be implemented and tailored to
the local context [73]. Participatory action research is a novel
approach, which may be useful to elaborate pragmatic multi-
disciplinary collaborative multifaceted projects that are
customized to the local settings [74]. It is essential to monitor
both process and outcome measures to assess the impact of the
intervention [75], to assess the potential unintendedClinical Microbiology and Infection © 2014 European Society of Clinical Microbiology and Infectconsequences as well as the sustainability of the intervention
and its impact. Monitoring of antibiotic use at the facility level is
therefore needed, but this frequently does not happen
(Table 1).
Computerized decision support, ID consultation service and
a multidisciplinary team including an ID specialist and a geria-
trician are examples of innovative strategies that could be
tested (see ref. [76]). Although including an ID specialist would
be ideal, involving any physician trained in antimicrobial stew-
ardship may be a more practical approach, depending on the
available resources.
Integrate ASPs in existing quality/safety/infection
prevention and control programmes
An ASP could be embedded in an existing quality and safety, or
infection prevention and control programme [77]. Standard
quality improvement strategies can be used [75], with strong
administrative support. Audit and feedback strategies are
necessary components of ASPs; regularly conducting medica-
tion reviews was associated with lower systemic antibiotic use
in Northern Irish residential homes [6].
Regulatory measures
Deﬁnite improvement regarding antimicrobial stewardship in
LTCFs will probably be driven by mandatory regulatory mea-
sures [77,78]. In all European countries, LTCFs are regulated by
law and are required to meet national standards [22]. Devel-
opment of an antibiotic policy is not currently a regulated task
(as laid down by law) in all European countries [22,79].
Important components of ASPs include the assignment of a
well-trained clinician to head the programme, the assignment of
an antimicrobial stewardship committee, the dissemination of
an antimicrobial stewardship plan, staff education, ensuring
sufﬁcient administrative and ﬁnancial support to undertake core
actions, and the surveillance of antibiotic-resistant organisms
and antibiotic use [77]. National benchmarking of antimicrobial
use at the institutional level based on patient case-mix is rec-
ommended [77]. National performance indicators for antimi-
crobial stewardship in European LTCFs have recently been
validated as part of the HALT project funded by the ECDC
[79].
The role of a coordinating physician should be explored,
with possible responsibilities including commissioning services,
monitoring residents, ensuring regular medication reviews and
liaising with other physicians. A coordinating physician may
improve prescribing and reduce the common practice of tele-
phone prescribing [6]. Donlon et al. in their Irish survey of
LTCFs showed that antimicrobial guidelines were more likely to
be in use in LTCFs with a coordinating physician (45%)
compared with facilities without a coordinating physician (14%)ious Diseases. Published by Elsevier Ltd. All rights reserved, CMI, 21, 10–19
CMI Dyar et al. Antimicrobial stewardship in nursing homes 17[20]. The ESAC survey in 21 European countries showed that
the presence of a coordinating physician varied between
countries [22]. In 13 of the 21 countries there was a coordi-
nating physician present in the LTCFs, though this was only
compulsory by law in seven of the surveyed countries [22]. The
prevalence of antibiotic use was not signiﬁcantly different ac-
cording to the presence/absence of a coordinating physician in
the LTCF. However, GP-care only LTCFs had a lower preva-
lence of antibiotic use if they also had a coordinating physician
[21]. ESAC also showed that in LTCFs where medical resident
care was provided both by GPs and by employed medical staff,
the prevalence of antibiotic use was lower compared with
LTCFs who provided GP-care only [21].Future needs for researchInterventional studies, meeting the ORION (Outbreak Reports
and Intervention Studies Of Nosocomial infection), EPOC
(Cochrane Effective Practice and Organisation of Care Group;
http://epoc.cochrane.org) and the UK Medical Research Council
requirements [80,81], are needed to identify the most promising
strategies. The complexity of the long-term care environment
has already been alluded to, and this needs to be accounted for
when developing and implementing interventions that seek to
change behaviour, such as prescribing. Any intervention needs to
address the nurse–physician–family triad because this appears
to be inﬂuential in generating antibiotic prescriptions in this
setting. The contribution of a multidisciplinary antimicrobial
management team, which could include a pharmacist, a nurse
and specialists in microbiology and infectious diseases and geri-
atrics, needs further investigation to improve antimicrobial
prescribing practices in LTCF [38]. No study on computerized
decision support has been conducted in LTCFs to the best of
our knowledge; computerized decision support systems can
however have a signiﬁcant impact on antibiotic prescribing,
sometimes more than academic detailing [82,83]. Finally, the
impact of point-of-care diagnostic tests on antibiotic use in
LTCFs could be the subject of future research [77].ConclusionsLong-term care facilities represent a reservoir of multi-resistant
bacteria. Urgent measures are needed in LTCFs to curb bac-
terial resistance. ASPs, in association with infection control and
immunization programmes, are necessary in these settings.
Antimicrobial stewardship guidelines focusing on LTCFs could
help healthcare professionals and policy-makers in implement-
ing ASPs.Clinical Microbiology and Infection © 2014 European Society of Clinical MicrobioloTransparency DeclarationThe authors declare no conﬂicts of interest.Authorship/contributionCP designed the review and all three authors contributed to the
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